Deltamethrin is a pesticide widely used as a synthetic pyrethroid. The aim of this study was undertaken to investigate the effects of deltamethrin to induce oxidative stress and changes in biochemical parameters, hepatotoxicity and genotoxicity in female rats following a short-term (30 days) oral exposure and attenuation of these effects by Allium sativum extract. Indeed, Allium sativum is known to be a good antioxidant food resource which helps destroy free radicals particles. Our results showed that deltamethrin treatment caused an increase in liver 
Introduction
Pesticides have become indispensable in modern agriculture but are also pollutants. The mastery of food resources (higher yields) and the improvement of public health (especially in the fight against insect vectors of diseases) are advantages of these products. However, it is apparent that these products are potential hazards to the environment, biodiversity and human health. Pyrethroid pesticides have emerged as a major class of highly active insecticides because of their high bio-efficacy and relatively low toxicity compared to organochlorine and organophosphorus pesticides (Abou Almagd et al. 2011) . Pyrethroids are widely used in agriculture, forestry, and public health (Soderlund et al. 2002) . Their use has increased several-fold in recent years due to their low mammalian toxicity and limited persistence in soil as compared to organochlorine insecticides. Deltamethrin, a synthetic pyrethroid type II, is highly effective against a broad spectrum of insects. Also, the oral route constitutes the main source of general population exposure to this pesticide which is ingested within food and water (Barlow et al. 2001) . Several studies have shown that pyrethroids caused alterations in biochemical, hematologic and reproductive parameters (El-Demerdash et al. 2004; Yousef et al. 1998) . Recent studies showed that the induction of oxidative stress is one of the main mechanisms of deltamethrin toxicity (Tuzmen et al. 2008; Yousef et al. 2006) . However, several studies have demonstrated genotoxic and immunotoxic effects of deltamethrin in mammalian species (El-Gerbed 2012) . Deltamethrin research has shown that oxidative stress is the main cause of genotoxicity in erythrocytes (Ansari et al. 2009 ). Because several studies have shown that exposure to pesticides may induce genotoxic effects in occupationally exposed human populations, the evaluation of the genotoxicity of pesticides in use is of immediate concern (Naravaneni and Jamil 2005). Recent studies indicate that deltamethrin may induce toxic manifestations by enhancing the production of free radicals and DNA D r a f t 4 damage. The administration of medicinal plants (grean tea) protected against deltamethrininduced oxidative damage and DNA fragmentation (Ogaly et al. 2015) .
On the other hand, the usage of natural and potential antioxidants is a strategy to prevent oxidative damage in many health disturbances that have oxidative stress as a factor in their pathophysiology (Pincemail et al. 2002) . Garlic is an aromatic plant known since antiquity.
Particularly today the medicinal use of garlic is widespread and growing. Garlic is regularly consumed and is known to have diverse biologic activities, particularly due to its antioxidant Therefore, the aim of this study was to evaluate the in vivo antioxidative capacity of Allium sativum extract against deltamethrin-induced oxidative damage and genotoxicity in adult female rats.
Materials and methods

Chemicals
Deltamethrin is a synthetic pyrethroid insecticide (C22H19Br2NO3). The CAS chemical 
Experimental conditions
Rats were randomly divided into four groups of eight animals each (n=8).
Group (C) served as control and received distilled water ad libitum. Groups (D) and (AE+D) received deltamethrin (7.2 mg/kg BW) (Catinot et al. 1989) dissolved in 1 ml of corn oil and deltamethrin with Allium sativum extract combination, respectively.
Group (AE) received
Rats were treated with repeated doses of Allium sativum extract and deltamethrin for 4 weeks by gavage administration.
After treatment, the animals were killed by cervical decapitation. Blood samples were collected, allowed to clot at room temperature and serum separated by centrifuging at 4000 rpm for 15 min for various biochemical parameters. The liver were quickly excised, minced with ice cold saline, blotted on filter paper and homogenized (Ultra Turrax T25, Germany)
(1:2, w/v) in 50 mmol/l phosphate buffer (pH 7.4). The supernatant and serum were frozen at -20°C in aliquots until analysis. . The data were expressed as nmol/mg protein.
Determination of conjugated dienes
The conjugated dienes were measured in hepatic tissue slightly modified. The hepatic tissues were homogenized separately in ice-cold phosphate buffer (pH 7.4) at a tissue concentration of 50 mg/ml. The hepatic tissues were also homogenized in the same buffer at a concentration of 5 mg/ml. A 0.5-ml aliquot and a chloroform-methanol mixture (2:1) were taken in a centrifuge tube. This mixture was centrifuged at 1000×g for 5 min. Chloroform was evaporated after steaming at 50°C. The lipid residue was dissolved in 1.5 ml methanol.
Readings were taken at 233 nm (Slater 1984) . In liver tissues, SOD activity was determined according to the colorimetric method of Beyer and Fridovich 1987 using the oxidizing reaction of nitroblue tetrazolium (NBT); CAT activity was measured by the UV colorimetric method of Aebi 1974 using H 2 O 2 as substrate;
glutathione peroxidase (GPx) activity was measured by a modification of the colorimetric method of Flohe and Günzler 1984 using H 2 O 2 as substrate and the reduced GSH.
Histopathological examination
Pieces of liver tissues were excised, washed with normal saline and processed separately for histopathological observation. The liver tissues were fixed in Bouin's solution, dehydrated in graded (50-100%) alcohol and embedded in paraffin. Thin sections (4 -5 µm) were cut and stained with routine hematoxylin-eosin (H&E). The sections were examined microscopically for histopathology changes, including cell necrosis, fatty change, and ballooning degeneration (Gabe 1968 ).
In vivo micronucleus assay
Femurs of rats were removed through the pelvic bone. The epiphyses were cut and the bone marrow was flushed out by gentle flushing and aspiration with foetal calf serum. The cell suspension was centrifuged and a small drop (3 µl) of the re-suspended cell pellet was spread on a microscope slide and stained with May-Grünwald/Giemsa. Three slides per animal were stained with acridine orange (AO) and washed twice with phosphate buffer (pH 6.8).
D r a f t
Micronuclei were scored with a Zeiss Axioskop microscope at 100X using previously proposed criteria (Heddle et al. 2011) . Approximately 2000 erythrocytes were scored per animal to estimate the frequency of micronucleated erythrocytes.
Qualitative assay of DNA fragmentation by agarose gel electrophoresis
The DNA was extracted from rat liver using Wizard Ge-180 nomic DNA Purification Kit (Quick-gDNA TM MiniPrep Catalog Nos. D3006, D3007, D3024, and D3025). DNA was then loaded onto agarose gel (0.3µg/lane). DNA laddering was determined by constant voltage mode electrophoresis (in a large submarine at 80 V, for 60 min) on a 1.7% agarose gel containing 0.5 µg/ml ethidium bromide (Miller et al. 1988) . Gels were illuminated with 300
nm UV light and a photographic record was made.
Statistical analysis
Statistical analysis was performed using the SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). All values are expressed as mean ± SD. The results were analyzed by one-way analysis of variance (ANOVA) followed by Tukey test for multiple comparisons. MannWhitney U test was used for micronucleus frequencies comparisons. Differences were considered significant at p < 0.05.
Results
Serum biochemical parameters
The activities of various biochemical enzymes in normal, deltamethrin control and treated groups are presented in Table 1 . The activities of AST, ALT, ALP and LDH were significantly increased in deltamethrin-treated rats compared to normal control. The levels of the above enzymes were significantly reversed on treatment with Allium sativum extract. D r a f t
Protein carbonyl content and conjugated dienes
The changes in the levels of hepatic protein carbonyl content and conjugated dienes in control and experimental rats are shown in Table 2 . The levels of protein carbonyl content and conjugated dienes were significantly increased (*** p < 0.001; ** p < 0.01, respectively) in deltamethrin treated rats when compared with normal control rats. The administration of
Allium sativum extract along with deltamethrin significantly lowered the levels of protein carbonyl content and conjugated dienes in the liver of rats when compared to deltamethrin treated rats.
Lipid peroxydation level and enzymatic antioxidant status in liver
TBARS level is widely used as a marker of free radical-mediated lipid peroxidation injury.
The results of hepatic TBARS levels are shown in Figure 1 . TBARS levels in the deltamethrin-treated group were significantly higher than in the control group. TBARS levels in the Allium sativum extract treated group were significantly lower than that in the deltamethrin-treated group (p < 0.01).
SOD, CAT and GPx activities were measured as an index of antioxidant status of tissues.
Significantly lower hepatic SOD, CAT and GPx activities (p < 0.01; p < 0.05 and p < 0.01, respectively) were observed in rats from the deltamethrin-treated group compared to the normal control group (Table 3) . There was a significant increase of SOD, CAT and GPx activities in Allium sativum extract-treated group compared to the deltamethrin-treated group. 
Pathological analysis
After decapitation of the rats, the liver of normal and treated animals was separated to observe the macroscopic changes. Liver tissue samples of the deltamethrin group had significant macroscopic steatosis and necrosis compared to the pretreatment and control groups (Figure 2) . However, the liver tissue samples of rats treated with Allium sativum extract and the rats treated with the combination of Allium sativum extract and deltamethrin did not show marked macroscopic changes compared to normal control liver samples.
The liver histopathological changes are shown in Figure 3 . The central vein, hepatocyte cords, hepatocytes and portal areas were observed to be normal in the control group. In the present study, deltamethrin application produced histopathological changes of severe liver damage including sinusoidal dilation, vacuolization, congestion and inflammatory cell infiltration. The above changes were reduced in the liver of rats treated with Allium sativum extract and deltamethrin. The histological pattern was almost normal in rats treated with Allium sativum extract alone.
Micronucleus frequencies in erythrocytes
Micronucleus frequencies in erythrocytes and representative photomicrographs indicating micronucleated cells of controls, rats treated with Allium sativum extract, rats treated with deltamethrin and rats treated with Allium sativum extract combined with deltamethrin are summarized in Table 4 and Figure 5 shows the qualitative changes in the integrity of the liver genomic DNA. As compared to control group, the deltamethrin treatment group induced marked increases in the DNA fragmentation. On the other hand, simultaneous treatment of rats with deltamethrin and
DNA fragmentation by agarose gel electrophoresis
Allium sativum extract showed moderately improvement in the DNA damage. DNA isolated from control samples (lane 1) and Allium sativum extract (lane 2) alone exposed tissues showed no specific DNA fragments.
Discussion
Allium sativum contained a considerable amount of polyphenolic and flavonoid coumpounds. 
D r a f t 13
The present study was carried out to investigate the ameliorative effects of Allium sativum extract on deltamethrin-induced oxidative stress and genotoxicity in rats. In the deltamethrintreated rats, the activities of AST, ALT, ALP and LDH were significantly increased as compared to controls, indicating liver cell damage. This was confirmed by histopathology. In addition to lipid peroxidation, protein carbonyl levels also served as a marker for protein oxidation particularly for the proteins containing amino acid residues like lysine, arginine, proline, threonine and glutamic acid. The present investigation showed a significant increased level of protein carbonyl content and conjugated dienes in the liver of deltamethrin exposed rats which confirm the oxidative damage in hepatic tissues. The increase of protein oxidation and the protection by the medicinal plant Allium sativum is in accordance with the findings of deltamethrin may be the main causative agent for its accumulation in body systems; free radicals production and DNA damage (Galal et al. 2014) . The oxidative stress is also known to cause massive DNA fragmention. The DNA fragments observed in the present study is the normal consequence of oxidative stress that was demonstrated after the enzymatic antioxidant status in liver. The deltamethrin has been shown to induce DNA fragmentation in rat brain (Galal et al. 2014) . Our investigation showed that deltamethrin treatment induced DNA damage as compared to controls. The co-administration of Allium sativum extract moderately decreased the DNA fragmentation.
In conclusion, our results demonstrated that high doses of deltamethrin can cause a variety of liver toxicities. Implications for human exposures need to take into account the dose response.
Garlic extract reduced significantly the liver damage and genotoxicity, suggesting that it could be a suitable agent for preventing the oxidative damage and the genotoxic potential of deltamethrin. 
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